Abstract. This paper deals with the pressure dependence of plasticity in metallic glasses below glass transition. Recent results indicate that some metallic glasses have such a dependence and that it increases with temperature (Keryvin et al., Phil. Mag., 88, 1773 , 2008 . We investigate the possibility that such a situation could be a common feature for all metallic glasses by performing a literature review. Results indicate that it is not straightforward to draw decisive conclusions.
Introduction
Metallic glasses (or amorphous alloys) are relatively new materials, first discovered in the 1960s, which have attracted great interest for their tremendously high mechanical properties, particularly their strength, resilience, elastic deformation [1] and fracture toughness [2] . Available in bulk form, especially since the 1990s, they are usually quasi-brittle in uniaxial loading. The knowledge of plastic mechanisms and the relationships with their structure at the nanometer scale (short-to-medium range order) is still an active topic. Due to the absence of long-range order and crystalline defects such as dislocations, anelastic and inelastic mechanisms are to be looked at the atomistic scale. Active concepts attempting to explain these mechanisms are double: free volume theory and the shear transformation zone (STZ) concept. The former is essentially a diffusion-like mechanism. The latter considers that a local cluster of atoms undergo a shear transformation going from a a stable configuration to another one crossing transiently a configuration of higher energy and volume. These STZ may grow in number and coalesce to form shear bands (localised plasticity) below glass transition. This mechanism infers first that pressure plays a role in making the activation of STZ more difficult (pressure dependence) and that there is some creation of disorder and volume (dilatation). At the microscopic scale, molecular dynamics simulations confirmed the pressure sensitivity of plasticity [3] .
Recently Schuh et al. compiled experimental mechanical results showing that yield strength decreases quasi linearly with stress triaxiality or vice versa increases with pressure [1] . However in some very brittle systems, the use of conventional testing techniques (tension, compression, bending. . . ) to investigate either yield strength or plastic deformation is precluded. On the contrary, it has been also shown that indentation techniques allow to probe the pressure sensitivity of plasticity [4] . These techniques, apart from requiring small volumes and an easy sample preparation, develop very high pressures underneath the indenter in addition to shear stresses, allowing to probe, more adequately than conventional techniques, the pressure sensitivity of the plastic response of the material [5] . Two main indentation features are used for extracting qualitatively and quantitatively the degree of pressure sensitivity [6] . The first one uses the ratio hardness-to-yield strength while the other requires a reverse analysis of the load-displacement curve. As for the former, in the fully plastic regime of indentation, where the plastic region is no longer fully contained by the surrounding elastic one, this ratio is called the constraint factor C. Its value is below 3, when pressure insensitive materials like most crystalline metals are indented. Higher values of C imply a pressure sensitivity of plasticity. Recent studies shown that C increases with temperature from low temperatures up to below the glass transition [7, 6] . It has even been shown that some amorphous polymers follow the same behaviour with very comparable levels of pressure sensitivities [8] . In this paper we examine the possibility that such a situation could be a feature for all metallic glasses.
Results of literature survey
In this section, we collect data from literature papers on many glass compositions, including Fe, Cu, Ni, Zr, Mg, La, Au, Pd, Pt-base alloys. In particular, we collect hardness (H) and compressive yield strength (Y) values as well as yield strains and glass transition temperature. We therefore investigate a possible temperature dependence of C by using room temperature (RT) data with glasses having very different glass transition temperatures (T g ). In doing so we were able to investigate a reduced temperature range (room temperature to glass transition temperature ratio) spanning from ∼ 0. 
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Discussion
According to Figure 1 , for the data considered in the present work, one can distinguish two domains: for RT/T g lower than 0.4, the ratio H/Y clearly decreases with increasing reduced temperature, whereas for RT/T g greater than 0.4, the ratio H/Y seems to slightly increase with increasing reduced temperature. It is evident that such a scatter in data can not be so conclusive. Reasons of such as a scatter of data are discussed now. They are twofold. The first issue deals with the correct value of hardness while the second one concerns yield strength.
For the former, we must recall that C is the value for the ratio H/Y in the fully plastic regime of indentation. The concept of indentation regime is illustrated in Figure 2 . In the elastic regime (E), which is encountered for blunt indenters and small loads, only elastic strains develop during loading and disappear with unloading. In the elasto-plastic regime (EP), elastic and plastic strains develop during loading, leading to the formation of an imprint after unloading. This case is encountered for blunt indenters like spheres for higher loads (as compared to the previous regime) or for sharp indenters like cones for relatively large apex angles (as compared to the yield strain of the material as explained later). The ratio H/Y depends strongly on the indenter geometry (sharp case) or on the load (blunt case). The fully plastic regime (FP) corresponds to even higher loads for blunt indenters or sharper indenters (lower apex angle). Let us notice that for sharp indenters the regime does not depend on the applied load. In the last case, the plastic zone is no longer fully contained by the surrounding elastic one and reaches the free surface. The ratio H/Y is constant, with respect to geometry or load, and called C. Keryvin [9] showed that a straightforward way to know whether the indention test is in fully plastic conditions is to look for shear bands around the imprints. These plasticity carriers are visible when material flows up at the free surface, as verified on different metallic glasses and by using different indenter geometries. However in the collected data collected, the presence of shear bands was rarely assessed.
Johnson [10] introduced the concept of a normalised indentation strain as the ratio of a representative strain generated by the indenter ϵ i to the material yield strain ϵ y . Keryvin [9] showed that above a value of ∼ 30 4 , shear bands are observed around the imprints implying that the material is in FP conditions, while lower values would signify that hardness is underestimated. Apart from a few cases, collected literature values deal with a pyramidal Vickers indenter with a representative strain of 0.358 (tan β, where β is the equivalent conical angle of 70.2
• ), which is known to be insufficient to enter the FP regime for some Zr-based compositions (high yield strains) and sufficient for some Pd-based compositions (lower yield strains). Moreover, it was reported that considering the equivalent cone for a pyramid was too conservative, and that a normalised indentation strain increased by eight should be taken. We therefore filtered the literature data of Fig. 1 keeping only FP values. Figure 3 is the result of such a filtering. Even if results of such a method indicate more clearly that the constraint factor increases with temperature, for RT/T g > 0.4, the scatter in data still remains and a definitive conclusion can not be drawn with ample confidence.
The second issue for handling literature data may also come from brittle compositions data including Fe, Ni, Mg, or La-base alloys. For these compositions, and similarly to ceramics or oxide glasses, the fracture strength extracted from uniaxial experiments may be only a fraction of yield strength, even in compression, because of the sensitivity to surface defects. THERMEC 2011
Moreover, cracking phenomena may be triggered when applying high enough loads by indentation [11] . For more malleable compositions (Pd, Zr), a small amount of plastic deformation clearly indicates the transition from elasticity to plasticity, that is the yield strength.
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Summary
We have investigated, by a literature survey, the possibility that the pressure dependence of plasticity could increase in all metallic glasses with temperature below glass transition. However, the scatter originated from collecting hardness data in an inadequate indentation regime or from an underestimated yield strength for brittle compositions, made it impossible to draw decisive conclusions. It is expected, as performed in [6] , that the reverse analysis of indentation load-displacements curves will solve this issue. THERMEC 2011 
